Background {#j_jccm-2019-0008_s_001}
==========

Despite recent advancements in antibiotic therapy and the progress made in critical care and modern diagnostic methods, acute mediastinitis continues to be a severe condition with a high mortality rate \[[@j_jccm-2019-0008_ref_001]\]. Its intrathoracic position in an anatomically closed space comprising well-vascularized adipose tissues and the proximity of vital organs, makes this disease an important clinical issue. Frequently there is a rapid evolution of the disease resulting in multisystem organ failure (MSOF) and sepsis\[[@j_jccm-2019-0008_ref_002]\]. The disruption of the aetiopathogenic chain sometimes requires an oesophagectomy, which when performed in an already profoundly affected area, may cause death\[[@j_jccm-2019-0008_ref_002]\]. The crucial element to improve prognosis is early diagnosis and the application of therapeutic measures within twenty-four hours after the onset of symptoms \[[@j_jccm-2019-0008_ref_003]\].

Epidemiology {#j_jccm-2019-0008_s_002}
============

The global mortality rate is between 19--47% \[[@j_jccm-2019-0008_ref_004]\], with differences influenced by the aetiology of the disease. Thus, Rieder (2010) reports a mortality rate of 11--34% for descending necrotising mediastinitis of oropharyngeal infections, but in case of associated comorbidities, this rate increases to 67% \[[@j_jccm-2019-0008_ref_004]\]. Both genders are reported to suffer from this disease, but males are more often affected, at a ratio of 6:1 \[[@j_jccm-2019-0008_ref_004], [@j_jccm-2019-0008_ref_005]\]. Although the literature gives an account of exceptions, most cases of acute mediastinitis occur in the third, fourth, and fifth decades of life. The influence of age on the mortality rate has been substantiated with experimental data, with minor differences in the first two decades, but these differences become evident after the fifth decade of life\[[@j_jccm-2019-0008_ref_005]\]. Studies performed on large groups of patients report different but consistently high mortality rate ([Table 1](#j_jccm-2019-0008_tab_001){ref-type="table"}).

###### 

The mortality rate of acute mediastinitis reported in different studies \[6--9\]

  Author/s             Year   Number of cases   Mortality rate
  -------------------- ------ ----------------- ----------------
  Cherveniakov         1992   147               14,4%
  Marty-Ane et al      1999   12                16,5%
  Papalia et al        2001   13                23%
  Macrí P et al        2003   26                15,4%
  Vidarsdottir et al   2010   29                31%

Acute mediastinitis can also occur in the context of cardio-thoracic surgery such as emergency interventions, prolonged operative or cardiopulmonary bypass time, bilateral internal mammary artery grafting, the complexity of procedures, the use of intra-aortic balloon pumps, lack of adequate antibiotic prophylaxis \[[@j_jccm-2019-0008_ref_010]\], as well as oesophageal perforations, and oropharyngeal infections such as para-pharyngeal abscess and odontoid process with epidural abscess of a descending necrotizing nature \[[@j_jccm-2019-0008_ref_011]\]. These triggering conditions are more aggressive if associated with factors such as age, smoking, chronic pulmonary disease, diabetes mellitus, chronic kidney failure, immunosuppression treatment with corticosteroids, and generalised atherosclerosis \[[@j_jccm-2019-0008_ref_012]\].

Sixty to sixty-four percent of acute mediastinitis is triggered by complications after cardiac operations \[[@j_jccm-2019-0008_ref_004], [@j_jccm-2019-0008_ref_012]\]. Oesophageal perforation account for 25--31% of cases and is the second most occurring cause of mediastinitis, with the remaining cases being caused by oropharyngeal infections \[[@j_jccm-2019-0008_ref_013]\].

Oesophageal perforation generally occurs in areas of physiologic narrowing, for example, in the cricopharyngeal muscle or oesophagogastric junction. Most oesophageal perforations are iatrogenic (50--75%) and most of them occur during endoscopic procedures \[[@j_jccm-2019-0008_ref_014],[@j_jccm-2019-0008_ref_015]\]. The incidence of perforation in case of simple endoscopy is \<0.5% but may increase to 6% in the case of endoscope-guided pneumatic dilation to treat achalasia \[[@j_jccm-2019-0008_ref_016]\]. Rigid oesophagoscopy, currently less commonly used, is associated with an increased risk of perforation \[[@j_jccm-2019-0008_ref_017]\]. Spontaneous perforation (Boerhaave syndrome) represents 15% of perforations which are usually located at the level of the distal supra-cardiac oesophagus, the left flank often being more affected. The ingestion of foreign bodies represents approximately 12% of oesophageal perforations, being more common at the level of the cricopharyngeus muscle \[[@j_jccm-2019-0008_ref_018]\]. Other causes of oesophageal perforations include trauma, cica 9% \[[@j_jccm-2019-0008_ref_016]\], and intraoperative lesions, 2% \[[@j_jccm-2019-0008_ref_019],[@j_jccm-2019-0008_ref_020]\],

Thoracic and abdominal surgery \[[@j_jccm-2019-0008_ref_021]\], and malignant lesions account for about 1% of cases \[[@j_jccm-2019-0008_ref_022]\].

The aetiology and localisation of perforation significantly affect mortality. The highest mortality rate, 36% in case of spontaneous oesophageal perforation, is probably accounted for due to a late diagnosis \[[@j_jccm-2019-0008_ref_003]\]. Traumatic perforations are usually detected early and are most commonly associated with lesions associated with cricopharyngeal narrowing at the level of the upper oesophageal sphincter, with a mortality rate of less than 7%. Regarding anatomical locations, cervical oesophageal perforations have the lowest mortality rate of 6%, while thoracic and abdominal perforations have significantly higher mortality rates at 27% and 21%, respectively \[[@j_jccm-2019-0008_ref_014]\].

Clinical Manifestation of Acute Mediastinitis {#j_jccm-2019-0008_s_003}
=============================================

The clinical manifestations of acute mediastinitis are augmented by an up-to-date medical history. Thus, patients can give account on digestive endoscopy or swallowing foreign bodies, and in the case of Boerhaave syndrome, chronic alcoholism is often present. According to [@j_jccm-2019-0008_ref_023], the main symptoms and their frequency are dysphagia (80.6%), retrosternal pain with interscapular irradiation in the shoulders or throat (56.5%), nausea and vomiting (50%), fever and chills (38.7%), dyspnoea (19.4%), and confusion (15.5%) \[[@j_jccm-2019-0008_ref_023]\].

Clinical examination usually reveals tachypnoea, tachycardia, oedema of the face and neck, subcutaneous emphysema located at the level of the thorax and cervix, and Hamman's sign with crunching sounds on auscultation of the heart \[[@j_jccm-2019-0008_ref_023], [@j_jccm-2019-0008_ref_024]\].

[@j_jccm-2019-0008_ref_025] introduced a clinical perforation severity score that could be correlated with mortality rate\[[@j_jccm-2019-0008_ref_025]\]. ([Table 2](#j_jccm-2019-0008_tab_002){ref-type="table"})

###### 

Prognostic score for mortality in case of mediastinitis due to oesophageal perforation

  Points                                   Sign and symptoms
  ---------------------------------------- ----------------------------------------------------------------------------------------------
  One point for each of the following      Age \>75 years Tachycardia Leukocytosis Pleural effusions
                                           
  Two points for each of the following     Fever Noncontained leak on barium esophagram Respiratory compromise Time to diagnosis \>24 h
                                           
  Three points for each of the following   Presence of malignancy Hypotension

Thus, in a total of 119 cases, when *n score* \<2 the mortality rate was 2%, when *n score* = 3 or 4 the mortality rate was 6%, and when *n* score \>5 the mortality rate increased drastically to 26%. At values ​of *n* score higher than 8, mortality was over 85%, and *n score* \>10 was associated with 100% mortality \[[@j_jccm-2019-0008_ref_025]\].

Microbiology of mediastinal infection {#j_jccm-2019-0008_s_004}
=====================================

The most frequently implicated microorganisms are bacteria from the initial stage of microbial colonization in the upper gastrointestinal tract ([Table 3](#j_jccm-2019-0008_tab_003){ref-type="table"}), subsequently due to the worsening of the general condition and decreasing immunity, the patient becomes vulnerable to associated aggressive infections by developing sepsis with severe manifestations, MSOF, and primary or secondary abdominal compartment syndrome \[[@j_jccm-2019-0008_ref_026], [@j_jccm-2019-0008_ref_027], [@j_jccm-2019-0008_ref_028]\].

###### 

Microorganisms involved in the aetiology of acute mediastinitis due to oesophageal perforations \[27--28\]

  **Germs**   Gram-positive cocci                                                            Gram-positive bacilli                   Gram-negative cocci   Gram-negative bacilli
  ----------- ------------------------------------------------------------------------------ --------------------------------------- --------------------- ----------------------------------------------------
  Anaerobic   Peptostreptococcus                                                             Actinomyces Lactobacillus Eubacterium   Veillonella           Bacteroides Prevotella Porphyromonas Fusobacterium
                                                                                                                                                           
  Aerobic     Streptococci (including beta-hemolytic and S. viridans group), Staphylococci   Corynebacterium                         Moraxella             Enterobacteriaceae Eikenella corrodens Pseudomonas
                                                                                                                                                           
  Fungi       Candida albicans                                                                                                                             

Paraclinical diagnosis is not specific for acute mediastinitis, since it determines leukocytosis, respectively increased inflammatory markers (C-reactive protein, VSH, procalcitonin), which can cause blood sugar imbalances and hyponatremia. It is essential to collect blood culture as early as possible \[[@j_jccm-2019-0008_ref_029], [@j_jccm-2019-0008_ref_030]\].

Conventional thoracic radiography can highlight the indirect signs of mediastinitis such as subcutaneous emphysema, lateral or anterior tracheal deviation, and pleural fluid collections \[[@j_jccm-2019-0008_ref_004], [@j_jccm-2019-0008_ref_031]\].

The level of perforation can be approximated by radiologic evaluation using a small quantity of low-osmolar water-soluble contrast media, but per oral contrast can be a potentially aggravating factor of the disease. Computerized Tomography (CT) should be the backup solution \[[@j_jccm-2019-0008_ref_032]\], which is also a useful investigative method in monitor the effectiveness of endoscopic or surgical treatment ([Figure 1](#j_jccm-2019-0008_fig_001){ref-type="fig"}).

![Lateral chest radiography with contrast: no signs of oesophageal fistula ten days after surgery (personal database)](jccm-05-049-g001){#j_jccm-2019-0008_fig_001}

A CT scan is the standard investigation that reveals direct signs of mediastinitis, mediastinal soft tissue congestion and pneumomediastinum \[[@j_jccm-2019-0008_ref_033]\]. Furthermore, the oral administration of contrast substances can highlight the level of oesophageal perforation, which is extremely important in the choice of subsequent medical and surgical therapeutic therapy. Additionally, CT scanning helps to investigate the pleural cavities and can indicate the cause of the perforation \[[@j_jccm-2019-0008_ref_034], [@j_jccm-2019-0008_ref_035]\]. ([Figure 2](#j_jccm-2019-0008_fig_002){ref-type="fig"})

![CT scan with oral contrast: frontal reconstruction. Oesophageal perforation located above the diaphragm with mediastinitis and pleural effusion on the left side. (personal database)](jccm-05-049-g002){#j_jccm-2019-0008_fig_002}

Nuclear magnetic resonance (NMR) provides an alternative for children, but it does not offer some of the additional information obtained with CT scans \[[@j_jccm-2019-0008_ref_034]\].

An upper gastrointestinal (GI) endoscopy is performed only in particular cases, having both a diagnostic and curative role, such as the placement of an endooesophageal prosthesis to cover a fistula \[[@j_jccm-2019-0008_ref_036]\].

In cases of inferior oesophageal fistula following sleeve gastrectomy for morbid obesity, it represents the first option of treatment \[[@j_jccm-2019-0008_ref_037]\].

Treatment of acute mediastinitis {#j_jccm-2019-0008_s_005}
================================

The complexity of the disease due to the level of perforation, aetiology, and complications requires different treatment modalities. While conservative treatment is mandatory, surgical treatment is reserved only for specific situations \[[@j_jccm-2019-0008_ref_038]\]. ([Figure 3](#j_jccm-2019-0008_fig_003){ref-type="fig"})

![Surgical and endoscopic treatment indication according to location and perforation size.](jccm-05-049-g003){#j_jccm-2019-0008_fig_003}

When oesophageal perforation is suspected, dietary intake and oral hydration are discontinued, and broad-spectrum antibiotic therapy is initiated to prevent infections usually caused by Gram-positive, gramnegative, and anaerobic microorganisms. Antifungal agents are normally prescribed to immunosuppressed patients. Blood culture results will indicate appropriate antibiotic therapy \[[@j_jccm-2019-0008_ref_029], [@j_jccm-2019-0008_ref_038]\].

Intravenous (IV) administration of proton pump inhibitors (PPIs) reduces gastric acidity and gastroesophageal reflux, thus avoiding the association of a chemical component to bacterial mediastinitis \[[@j_jccm-2019-0008_ref_036], [@j_jccm-2019-0008_ref_038]\].

In addition to these approaches, the non-specific measures of conservative treatment will include haemodynamic resuscitation, restoration of the hydro-electrolyte balance, diabetes control, tachycardia control, and the control of hypotension using vasoactive agents \[[@j_jccm-2019-0008_ref_036]\].

Surgical treatment is reserved mainly for thoracic and abdominal perforations, while in case of the involvement of the cervical plexus, the first-choice treatment is a conservative one associated with drainage \[[@j_jccm-2019-0008_ref_038]\].

The principles of surgical treatment consist of drainage, primary suture, oesophageal exclusion with or without oesophagectomy, endoscopic vacuum wound-assisted therapy of the perforation and associated para-oesophageal mediastinal drainage and endoscopic stenting associated with drainage \[[@j_jccm-2019-0008_ref_022], [@j_jccm-2019-0008_ref_035], [@j_jccm-2019-0008_ref_038]-[@j_jccm-2019-0008_ref_041]\].

The main indications of these surgical methods are listed in [Table 4](#j_jccm-2019-0008_tab_004){ref-type="table"}.

###### 

Surgical and endoscopic treatment: indications, class of evidence and recommendations

  Surgical treatment of oesophageal perforations                      Recommended                                                                            Class of evidence\*
  ------------------------------------------------------------------- -------------------------------------------------------------------------------------- ---------------------
                                                                                                                                                             IA
                                                                      Perforation \<24 h                                                                     IC
  Primary repair                                                      Perforation \<72 h                                                                     
                                                                      Thoracic small perforation (failure off medical treatment)                             NA\*\*
                                                                      Abdominal perforations \<24 h                                                          IA
                                                                                                                                                             
  Drainage only                                                       Cervical perforations                                                                  IIC
                                                                      Thoracic small perforations                                                            NA
                                                                                                                                                             
  Diversion without esophagectomy                                     Severe mediastinitis after large thoracic perforations in critical patient             IIC
                                                                      Advance stages of oesophageal cancer perforations                                      IIC
                                                                                                                                                             
                                                                      Severe mediastinitis after large thoracic perforations if general conditions           IIC
  Esophagectomy                                                       allow                                                                                  
                                                                      Initially stages of oesophageal cancer                                                 IA
                                                                                                                                                             
  Endoscopic closure system vacuum-(E-VAC) assisted                   Large perforations with an efficient peri-oesophageal drainage                         IIC
                                                                                                                                                             
  Oesophageal stenting associated with pleural/mediastinal drainage   Thoracic perforations\<24 h in stable patients Bridging method for critical patients   IIC

\*Class of evidence and recommendations:

Levels:

I - High-quality prospective cohort study with adequate power or systematic review of these studies

II - Lesser quality prospective cohort, retrospective cohort study, untreated controls from a randomised control trials (RCT) point of view, or systematic review of these studies Grade Practice Recommendations

A - Strong recommendation; B- Recommendation; C - Option

\*\*NA -- Not available

Discussions {#j_jccm-2019-0008_s_006}
===========

Although the mortality rate in acute mediastinitis remains high, new diagnostic imaging methods have led to a reduction in the time required for the diagnosis of oesophageal perforation, significantly improving prognosis \[[@j_jccm-2019-0008_ref_003]\]. Multicentric studies have demonstrated that whenever oesophageal perforation is suited to suturing, postoperative outcomes are superior. Thus, in the case of Boerhaave syndrome, iatrogenic perforations or foreign body ingestion, if the perforation is identified early, viable and regular margins of the perforation lead to a higher surgical healing rate \[[@j_jccm-2019-0008_ref_042]\].

Among the surgical methods, primary suture is the treatment of choice with the best postoperative results \[[@j_jccm-2019-0008_ref_043]\]. Location is an essential element. While in the case of cervical perforation, surgical and endoscopic therapeutic options are extremely low, in thoracic and abdominal ones, primary suturing and endoscopic stenting of the perforation significantly improve survival rate \[[@j_jccm-2019-0008_ref_042]\].

Late perforations and oesophageal neoplasm require difficult surgical treatment with oesophageal stripping, oesophagostomy and gastrostomy, followed by oesophageal reconstruction after 6--12 months. The evolution of these cases is in most cases unfavourable, due to the progression of mediastinitis and the development of septic shock \[[@j_jccm-2019-0008_ref_027]\].

Conservative treatment remains the primary therapy of any indifferent oesophageal perforation no matter if is followed by surgical or endoscopic treatment. In a retrospective study of fifty-seven patients, the development of supportive treatment methods from intensive care units and the introduction of new generations of antibiotics improved prognosis by at least 10% \[[@j_jccm-2019-0008_ref_044]\].

Conclusions {#j_jccm-2019-0008_s_007}
===========

Oesophageal perforations remain a diagnostic and therapeutic challenge. The lowest mortality rate was recorded in patients with perforations diagnosed less than 24 hours after the onset of the symptoms, this period being the critical issue predicating therapeutic success.

When surgical treatment is feasible, for cases of thoracic and abdominal perforations, there are good postoperative results and higher survival rates. This situation has not changed significantly over the past two decades. The improvement of prognosis and decrease in mortality rate is due to antibiotic therapy and advances in critical care.

The use of oesophageal stenting is still under debate. Regardless of the choice of treatment, oesophageal perforation remains a severe surgical problem because of the rapid health decline, and therefore, all cases should be administered by a team of thoracic surgeons.
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